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+RZHYHU IHZ LQYHVWLJDWLRQV IRFXV RQ WKH LQWHUDFWLRQ EHWZHHQ WKHUPRG\QDPLF DQG HFRQRPLFSHUIRUPDQFHRI WKH V\VWHPDQG
ZKDWLVWKHPDLQIDFWRURIWKHFRVWSHQDOW\IRU&2FDSWXUH7KXVL QWKLVSDSHUWKHHIIHFWRIV\VWHPLQWHJUDWLQJFKDUDFWHULVWLFVRQ
WKHUPR HFRQRPLFSHUIRUPDQFH LV WREH GLVFORVHG 7KHPDLQ IDFWRUVDIIHFWLQJ RQ WKH FRVW SHQDOW\ IRU&2 FDSWXUH WKH HIIHFW RI
HQHUJ\ SHQDOW\ RQ FRVW SHQDOW\ DQG WKH LQWHUDFWLRQE HWZHHQ WKHUPRG\QDPLF  SHUIRUPDQFH DQG HFRQRPLF SHUIRUPDQFH DUH WR EH
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ZDVWH KHDW ERLOHU DQG GHVXOSKXUL]DWLRQ LQ WKH FOHDQ XS XQLW WKH V\QJDV LV LQWURGXFHG WR WKH OLTXLG SKDVH PHWKDQRO V\QWKHVLV
UHDFWRU 7KHXQ UHDFWHGV\QJDVLVGLYLGHGLQWRWZRVWUHDPVRQHLVUHF\FOHGEDFNLQWRWKHPHWKDQROV\QWKHVLV UHDFWRUWKHRWKHULV 
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 RI&2 LQ WKH VKLIWHG JDVZLOO EH VHSDUDWHG DQG FRPSUHVVHG XS WR  EDU 
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7KH SXOYHUL]HGFRDO SRZHU JHQHUDWLRQ WHFKQRORJ\ ZLOO VWLOO EH WKH PDLQ PHWKRG IRU SRZHU VXSSO\ EHFDXVH RI LWV ORZHU
LQYHVWPHQWFRVW ,QWKLVSDSHUWKH SXOYHUL]HGFRDOVXSHUFULWLFDOVWHDPSRZHUV\VWHPLVFKRVHQDVWKHUHIHUHQFHSRZHUJHQHUDWLRQ
V\VWHP  )LJ  VKRZV WKH IORZ VKHHWV RI PHWKDQRO VLQJOH SURGXFW V\VWHP DQG WKH SXOYHUL]HG FRDO SRZHU SODQW  ,Q WKH
FRQYHQWLRQDOPHWKDQRO SURGXFWLRQ SUR FHVV FRDO LV SXW LQWR WKH JDVLILHU DQG WKH V\QJDV LV TXHQFKHGZLWKZDWHU DQG WKDQ LV SXW
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,Q HTXDWLRQ  &RVW$ LQFOXGHV WZR SDUWV RQH LV WKH FDSLWDO FRVW VDYLQJ 3,6  ZKLFK UHSUHVHQWV WKH FKDQJH RI VFDOH DQG
FRQILJXUDWLRQRIWKHV\VWHPWKHRWKHULVWKHIXHOFRVWVDYLQJZKLFKLVGHFLGHGE\WKHV\VWHPWKHUPRG\QDPLFSHUIRUPDQFHLQWKH
SRO\JHQHUDWLRQ V\VWHP 3(6 KDV LQFOXGHG WKHHQHUJ\SHQDOW\RI&2 FDSWXUH 7KHUHIRUH DV VKRZQ LQ WKH HTXDWLRQ WKH V\VWHP
WKHUPRG\QDPLFSHUIRUPDQFHHVSHFLDOO\WKHHQHUJ\SHQDOW\RI&2FDSWXUHLVFRQQHFWHGZLWKWKHV\VWHPHFRQRPLFSHUIRUPDQFH
DQGGLUHFWO\DIIHFWVWKHFRVWSHQDOW\RI&2 FDSWXUH $QGWKLVSDUWLVWKHH[WHQGHGMRERIWKDWGHWDLOHGLQ WKH SUHYLRXVSDSHU>@ 
ZKLFKGLGQRWPHQWLRQWKH&2DYRLGDQFHSUREOHP
7KHV\VWHPHFRQRPLFSHUIRUPDQFH
&RUUHVSRQGLQJ WR WKH VFDOHV VKRZQ LQ WDEOH  WKHPDLQ HFRQRPLF SHUIRUPDQFH RI WKH V\VWHPV LV VKRZQ LQ WDEOH   ,Q&KLQD
3& SODQW KDV WKH ORZHU LQVWDOOHG FDSLWDO FRVW WKDQ WKDW RI WKH FRPELQHG F\FOH SRZHU SODQW EHFDXVH RI ORFDOL]DWLRQ  ,Q WKH
SRO\JHQHUDWLRQV\VWHPUHPRYLQJWKHVKLIWSURFHVVEHIRUHWKHV\QJDVSXWLQWRWKHV\QWKHVLVUHDFWRUVDYHVWKHLQVWDOOHGFDSLWDOFRVW
RIWKLVSDUW%XWEHFDXVH  WKHSRZHU LVODQGIROORZV WKHFKHPLFDO LVODQGFRDO LVDOOSXW LQWRWKHFKHPLFDO LVODQGILUVWZKLFKPHDQV
WKDWWKHV\VWHPQHHGVWKHODUJHUVFDOHRIHTXLSPHQWVLQWKHFKHPLFDOLVODQG$QGWKH&2FDSWXUHSURFHVVLQFOXGHVWKHWZR VWDJH
VKLIW SURFHVV DQG&2 VHSDUDWHG DQG FRPSUHVVHG XQLWV  $OO RI WKHVH OHDG WR WKH V\VWHP LQVWDOOHG FDSLWDO FRVW EHLQJ PRUH
WKDQWKHWRWDORIWKRVHRIWKH3&V\VWHPDQGWKH0(2+VLQJOH SURGXFWV\VWHP:LWKWKHV\VWHPLQWHJUDWLRQ WKH3*&&V\VWHP
FDQDFKLHYHRIWKHSULPDU\HQHUJ\VDYLQJIXHOFRVW VDYLQJEXW WKLVFDQQRWRIIVHW WKHKLJKHUFDSLWDOFRVW WKHWRWDOFRVWRI
3*&&V\VWHPLVKLJKHUWKDQWKDWRI WKHWRWDORI WKH3&V\VWHPDQGWKH0(2+VLQJOH SURGXFWV\VWHP$VVXPHGWKHFRVWRI
0(2+SURGXFWLRQDV WKDWRI WKH0(2+VLQJOH SURGXFWV\V WHP&2( LQ3*&& V\VWHP LV PRUH WKDQ WKDW RI3& V\VWHP 
$QG DVVXPHG&2( DV WKDWRI WKH3&V\VWHP WKH FRVWRI 0(2+ LQ WKH 3*&& V\VWHP LV PRUH WKDQ WKDW RI WKH0(2+
VLQJOHSURGXFWV\VWHP 
&RPSDUHGZLWKWKHVLQJOH SURGXFWV\VWHPVZLWK&2FDSWXUHLQFOXGLQJWKH3&&&V\VWHPDQGWKH0(2+&&V\VWHPWKH3* 
&&V\VWHPFDQDFKLHYH RI WKHSULPDU\LQVWDOOHGFDSLWDOFRVWVDYLQJ3,6 DQGRIWKHSULPDU\HQHUJ\VDYLQJUDWLR
VR WKDW WKH V\VWHP FDQ DFKLHYH   RI SULPDU\ FRVW VDYLQJ  &2(  DQG WKH FRVW RI0(2+ SURGXFWLRQ FDQ VDYH  DQG
UHVSHFWLYHO\)XUWKHUPRUHZLWKWKHVDPH&2FDSWXUHHIILFLHQF\WKHFRVWRI&2DYRLGDQFHRIWKHSRO\JHQHUDWLRQV\VWHP
LVREYLRXVO\ORZHUWKDQWKHFRQYHQWLRQDOV\VWHPVRQO\W&2
7DEOH0DLQHFRQRPLFSHUIRUPDQFHRIWKHV\VWHPV 
6\VWHP 3& 0(2+ 3&&& 0(2+&& 3*&&
7RWDOFDSLWDOFRVW0     
&RDOFRVW0\     
7RWDOFRVW0\      
0(2+FRVWW      
&2(N:K      
&RVW$W&2     
'LVFXVVLRQV
&RPSDULVRQ RIHFRQRPLFSHUIRUPDQFH
&RPSDUHGZLWKWKHV\VWHPVZLWKRXW&2FDSWXUH &2FDSWXUHPXVWOHDGWRHQHUJ\SHQDOW\DQGWKH FKDQJH RILQVWDOOHG FDSLWDO
FRVWERWKRIZKLFK DUH UHIOHFWHGLQWKHFRVWSHQDOW\ &RVW$ &2FDSWXUHZLOOOHDGWRHQHUJ\SHQDOW\ZKLFKUHVXOWVLQWKHFKDQJH
RIIXHOLQSXWDQGWKHFRQILJXUDWLRQRUVFDOHRIVRPHXQLWVRIWKHV\VWHP )XUWKHUPRUH&2 FDSWXUHZLOO UHTXLUH VRPH DGGLWLRQDO
HTXLSPHQW  VXFK DV WKH VKLIW UHDFWRU DQG  WKH VHSDUDWLQJ XQLW  7KHUHIRUH WKH FRVW SHQDOW\ LQFOXGHV WZR SDUWV RQH LV WKH FRVW
UHVXOWLQJIURPWKHHQHUJ\SHQDOW\WKHRWKHUFRPHVIURPWKHFDSWXUHHTXLSPHQWV 
,Q WDEOH DOO WKH UHIHUHQFH V\VWHPVZLWKRXW&2FDSWXUHKDYHWKHVDPHRXWSXWVDV WKHFDSWXUHV\VWHPV  )RU WKHSXOYHUL]HG
FRDOSRZHUSODQWRIWKHFRVWSHQDOW\RI&2FDSWXUHFRPHV IURPWKHHIIHFWRIHQHUJ\SHQDOW\DQG WKH UHVW UHVXOWV IURPWKH
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FDSWXUH HTXLSPHQWV $QG IRU WKHPHWKDQRO VLQJOH SURGXFW V\VWHP WKH HIIHFW RI HQHUJ\SHQDOW\ RQ FRVW SHQDOW\ LV  )URP
WKHVHUHVXOWVZHFDQNQRZWKDWWKHKLJKHUHQHUJ\SHQDOW\LVWKHPDLQUHDVRQRIWKHKLJKHUFRVWSHQDOW\ 
)RUWKHSRO\JHQHUDWLRQV\VWHP&2FDSWXUHLVDIWHUWKHPHWKDQROV\QWKHVLVSUR FHVVZKLFKKDVWKHKLJKHU&2 FRQFHQWUDWLRQLQ
WKHXQ UHF\FOHGV\QJDVDQGZKLFKUHVXOWV LQOHVVHQHUJ\ FRQVXPSWLRQ IRU&2 FDSWXUHWKHWKHUPDOHIILFLHQF\RIWKHV\VWHPRQO\
GHFUHDVHVSHUFHQWDJHSRLQWV)URPWKHUHVXOWVVKRZQLQ7DEWKHHIIHFWRI HQHUJ\SHQDOW\RQFRVWSHQDOW\ LQ3* &&V\VWHP LV
$QGWKHWRWDOFRVWSHQDOW\LVOHVVWKDQWKDWRIDQ\RWKHUV\VWHP VZLWK&2UHPRYDO )XUWKHUPRUHWKHQHWZRUNRXWSXW RI
WKH3*&& V\VWHP LV OHVV WKDQ WKH 3* V\VWHP EHFDXVH WKH LQVWDOOHG FDSLWDO FRVW RI FRPELQHG F\FOH SRZHU JHQHUDWLRQ SURFHVV LV
PRUH VHQVLWLYH WR WKH VFDOH DQG WKH LQFUHPHQW RI WKH FDSLWDO FRVW RI WKH FKHPLFDO SURFHVVLV  OHVV WKDQ WKHGHFUHDVHRI WKDWRI WKH
SRZHULVODQG WKHLQVWDOOHGFDSLWDOFRVWRI WKHSURGXFWLRQSURFHVVLV OHVV WKDQWKDWRIWKH3*V\VWHP 7KHHFRQRPLFSHUIRUPDQFH
RIWKH3*V\VWHPZLWKRXW&2DYRLGDQFHKDVEHHQGHWDLOHGLQ WKHSUHYLRXVSDSHU >@ 
,QWKHSRO\JHQHUDWLRQV\VWHPVLQFHWKHSRZHULVODQGDQGWKHFKHPLFDOSURFHVVZHUHLQWHJUDWHGWRUHDOL]HWKHFRXSOHR IHQHUJ\
XWLOL]DWLRQ WKH H[HUJ\ GHVWUXFWLRQZDV GHFUHDVHG JUHDWO\ZKLFKFDQ RIIVHW WKH HQHUJ\ SHQDOW\ IRU&2 FDSWXUH DQGZHDNHQ WKH
HIIHFWRIWKHHQHUJ\SHQDOW\RQWKHWRWDOFRVWIRU&2FDSWXUH$VVKRZLQWDEOH&RVW$RI3* &&V\VWHPLVOHVVWKDQRIWKDW
RIWKH 3&&& V\VWHP DQG OHVV WKDQ  RI WKDW RI WKH0(2+ &&V\VWHP  7KHLPSURYHPHQWRI WKHUPRG\QDPLFSHUIRUPDQFH
SOD\VWKH VLJQLILFDQW UROHLQLPSURYLQJWKHV\VWHPHFRQRPLFSHUIRUPDQFH 
7DEOH&RPSDULVRQ RIHFRQRPLFSHUIRUPDQFHRIV\VWHPV 
6\VWHP 3& 3&&& 0(2+ 0(2+&& 3* 3*&&
)XHOLQSXWîW\      
0(2+RXWSXWîW\      
1HWZRUNRXWSXW0:       
7RWDORXWSXW0:˄/+9˅      
7KHUPDO HIILFLHQF\      
&2HPLVVLRQî W\      
&DSLWDOFRVWRIFDSWXUH0      
7RWDOFDSLWDOFRVW0      
)XHOFRVW0\       
7RWDOFRVW0\      
&RVW$W&2      
&RPSRQHQWRIFRVWLQFUHPHQW0\ 
&RVWLQFUHPHQWRIFDSWXUHSURFHVV      
&RVWLQFUHPHQWRISURGXFWLRQSURFHVV      
)XHOFRVWLQFUHPHQW       
&RPSRQHQWRI&RVW$
&DXVHE\FDSLWDOFRVW RIFDSWXUH      
&DXVHE\HQHUJ\SHQDOW\       
6LJQLILFDQWUROHRI WKHUPRG\QDPLF DQG HFRQRPLF SHUIRUPDQFH LQSRO\JHQHUDWLRQV\VWHP
%HFDXVH WKH SRZHU LVODQG IROORZV WKH FKHPLFDO LVODQG  WKHFKHPLFDOHQHUJ\SXWLQWRWKHSRZHU LVODQG LVGHFLGHGE\WKHHQHUJ\
XWLOL]HG VLWXDWLRQ RI FKHPLFDO LVODQG  $VVXPHG WKH IXHO LQSXW DQG WKH FRQILJXUDWLRQ RI IUHVKJDV SURGXFWLRQ DUH XQFKDQJHG WKH
WKHUPRG\QDPLF DQG HFRQRPLF SHUIRUPDQFHV RI WKH V\VWHP  DUH GHFLGHG E\ WKH FRQILJXUDWLRQ RI 0(2+ V\QWKHWLF SURFHVV 
7KHUHIRUH WKH WKHUPRG\QDPLF SHUIRUPDQFH DQG VFDOH RI WKH SRO\JHQHUDWLRQ V\VWHP DUH GHWHUPLQHG  E\ WKH UDWLR 5X  RI WKH
UHF\FOHGV\QJDV WR WKHIUHVKJDV :LWKWKHFKDQJHRI5X WKHRXWSXWRI0(2+LVFKDQJHGDQGWKHQZKLFKFKDQJHVWKHVFDOHVDQG
WKHVLWXDWLRQRIHQHUJ\XVHRIWKHIROORZLQJSURFHVV HVLQFOXGLQJWKHVKLIWXQLW&2FDSWXUHXQLWDQGWKHSRZHULVODQG 
)LJ  VKRZV WKH HIIH FWVRI 5X RQ 3(6  3,6DQG &RVW$  :LWK 5X  LQFUHDVLQJ WKH 3(6  LQFUHDVHV DQG WKHQ GHFUHDVHV JHQWO\ 
:KHQ5X LV HTXDO WR  WKH V\VWHP DFKLHYHV WKH RSWLPDO 3(6  SRLQW$  FRPSDUHG WKH UHIHUHQFH V\VWHPV ZLWKRXW &2
FDSWXUH ZKLFKUHSUHVHQWVWKHRSWLPD OFRXSOHEHWZHHQWKHFKHPLFDOLVODQGDQGWKHSRZHULVODQG 
%HFDXVHWKHLQVWDOOHGFDSLWDOFRVWRI3& V\VWHP LQ&KLQDLVDERXWKDOIRIWKDWLQWKH8QLWHG6WDWHVRUWKH,*&&V\VWHPDQGWKH
IXHOLV WRWDOO\SXW LQWR WKH FKHPLFDO LVODQGRI WKH3* &&V\VWHP WK H LQVWDOOHGFDSLWDOFRVWRI3* && V\VWHP LV KLJKHU WKDQ WKH
WRWDO FRVW RI WKH UHIHUHQFH V\VWHPV :LWK 5X  LQFUHDVLQJ WKH 0(2+ RXWSXW LQFUHDVHV TXLFNO\ ILUVW DQG WKH HOHFWULFLW\ RXWSXW
GHFUHDVHV DFFRUGLQJO\  %DVHG RQ WKH UHIHUHQFH V\VWHPVZLWKRXW FDSWXUH WKH LQVWDOOHG FDSLWDO FRVW RI 3* && V\VWHP LQFUHDVHV
JHQWO\ $QGZKHQ 5X LQFUHDVHVWRVRPHYDOXHWKHRXWSXWRI0(2+LQFUHDVHVVORZO\WKHQWKHLQFUHPHQWRILQVWDOOHGFDSLWDOFRVW
LVIDVWHUWKDQWKHWRWDORIWKRVHRIWKHUHIHUHQWV\VWHPV6R3,6RIWKH 3* &&V\VWHPKDVWKHPD[LPL]HYDOXHSRLQW%LQ)LJ
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WRR ZKLFK UHSUHVHQWV WKH ORZHVW LQVWDOOHG  FDSLWDO FRVW LQFUHPHQW RI WKH V\VWHPZLWK &2  FDSWXUH DQG WKH RSWLPDO LQWHJUDWLQJ
FRQILJXUDWLRQWKURXJKV\VWHPLQWHJUDWLRQIURPWKHYLHZSRLQWRIHTXLSPHQWFDSLWDO 
%DVHG RQ WKH HTXDWLRQ  XQGHU FHUWDLQ PDUNHW FRQGLWLRQ EHFDXVH 5$ FKDQJHVJHQWO\ZLWK 5X &RVW$ LVGHFLGHGE\ 3,6DQG
3(6  EXW WKH RSWLPDO 3,6DQG 3(6  DUH FRUUHVSRQGLQJ WR GLIIHUHQW V\VWHP LQWHJUDWLQJ FKDUDFWHULVWLFV VKRZQ LQ )LJ   :LWK5X 
LQFUHDVLQJ 3,6DQG 3(6 LQFUHDVHWRJHWKHUDQGWKHHQHUJ\FRQVXPSWLRQIRU&2VHSDUDWLRQJRHVGRZQ>@DOORIZKLFKPDNHWKH
FRVW VDYLQJ RI WKH V\VWHP LQFUHDVH DQG WKHQ &RVW$ GHFUHDVH :KHQ 5X JHWV WR 3,6 UHDFKHVPD[LPL]H YDOXH EXW HQHUJ\
FRQVXPSW LRQIRU&2 VHSDUDWLRQ JRHV GRZQ DQG 3(6  LQFUHDVHV FRQWLQXRXVO\ ERWKRIZKLFKPDNH &RVW$ JR RQ GHFUHDVLQJ  %XW
ZKHQWKH0(2+RXWSXWLQFUHDVHVDQGWKHHQHUJ\FRQVXPSWLRQIRU&2  VHSDUDWLRQGHFUHDVHVJHQWO\ WKHFDSLWDO FRVW VWLOO LQFUHDVHV
TXLFNO\ ZKLFK PHDQV SHU RXWSXW RI0(2+ZLWK PRUH HQHUJ\ FRQVXPSWLRQ DQG FDSLWDO FRVW WKH LQFUHPHQW RI IXHO FRVW VDYLQJ
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